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(54) LASER WELDING PROCESS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simply determine an 
optimal power modulation waveform and frequency 
when a flaw is prevented by modulating laser power with 
a suitable waveform. 

SOLUTION: The optimal waveform and frequency are 
determined so as to minimize a condition by detecting 
the condition that generation intensity of plasma or a 
plume produced on laser welding becomes equal to a 
certain threshold level or below. 
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* NOTICES* 1 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The laser- welding approach characterized by to determine the optimal wave of an output modulation, 
and optimum frequency so that this condition may serve as min in the specific phase of an output 
modulated wave form by setting a threshold as time-amount change of the plasma or the luminescence 
reinforcement of a plume, and detecting the condition that luminescence reinforcement becomes below a 
threshold, in the laser- welding approach of preventing generating of a weld flaw by the modulation of 
the laser output accompanied by wave control. 
[Claim 2] 

The laser- welding approach characterized by detecting only what maintained beyond the time amount to 
which the condition that luminescence reinforcement became below a threshold was set. 
[Claim 3] 

The laser- welding approach that the condition that luminescence reinforcement becomes below a 
threshold in the approach of claims 1 or 2 is characterized by detecting whether frequency is the highest 
with which phase of an output modulated wave form. 



[Translation done.] 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Invention of this application relates to the laser-welding approach. In laser welding which prevents 
generating of weld flaws, such as porosity, a blowhole, and a crack, it is related with the new laser- 
welding approach which can optimize a frequency in a wave list simple by giving fluctuation on a 
frequency to the still more detailed wave [ with appropriate invention of this application ] list for a laser 
output. 
[0002] 

[The technical problem of a Prior art and invention] 

In recent years, high power-ization of a laser oscillator progresses by leaps and bounds, and applying 
this to******** and high-speed welding is expected. However, it becomes difficult to maintain to 
stability the keyhole formed in the laser radiation section, and it becomes easy to generate weld flaws, 
such as porosity, a blowhole, and a crack, based on this as penetration becomes deep. For this reason, in 
order to apply a laser- welding technique to wide range ingredient processing containing structure 
material etc., the technique of preventing a weld flaw certainly is indispensable. On the other hand, by 
changing a laser output on the frequency which was in agreement with the natural frequency of a molten 
pool, and controlling that wave appropriately, the artificers of this application developed the technique 
of preventing weld flaws, such as porosity, a blowhole, and a crack, effectively, and did patent 
application of this (application for patent 2001-77298). 
[0003] 

Drawin g 1 of the attached drawing is drawing having shown typically fluctuation of the laser output in 

the approach of this laser welding. 

[0004] 

However, in this approach that artificers have already proposed, since it was greatly dependent on the 
frequency of an output modulation, and a wave, the prevention effectiveness of a weld flaw needed to 
conduct preliminary experiment under various waves and a frequency beforehand as a policy for 
optimizing these, and for means, such as radioparency photography, to investigate the generating 
situation of the porosity at this time, and to determine optimum conditions. For this reason, such a 
procedure and the policy had the problem that it was not realistic necessarily simple and easy. 
[0005] 

Then, the description of the laser-welding approach that the artificers as above-mentioned proposed 
invention of this application, Namely, the conventional trouble is canceled for a thing that it prevents 
effectively by fluctuating a laser output on the frequency which was in agreement with the natural 
frequency of a molten pool in the weld flaw generated at the time of ******** laser welding, and 
controlling the wave appropriately. It is making into the technical problem to offer the new laser- 
welding approach that it is realizable by determining an optimal output modulated wave form and a 
frequency simple. 
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[0006] 

[Means for Solving the Problem] 

Invention of this application as what solves the above-mentioned technical problem to the 1st In the 
laser-welding method for preventing a weld flaw effectively by the output modulation of the laser 
accompanied by wave control By preparing a threshold in time amount change of the plasma or the 
luminescence reinforcement of a plume, and detecting the condition that luminescence reinforcement 
becomes below a threshold The laser- welding approach characterized by determining optimum 
frequency as the optimal wave list of the output modulation from which this condition serves as min in 
the specific phase of an output modulated wave form is offered. 
[0007] 

Moreover, by detecting only what is maintained beyond the time amount by which the condition that the 
plasma or the luminescence reinforcement of a plume became below a threshold was set as the 2nd The 
above-mentioned laser-welding approach of determining optimum frequency as the optimal wave list of 
an output modulation is offered. To the 3rd The condition that the luminescence reinforcement of the 
plasma or plume detected by the above approach becomes below a threshold offers the laser-welding 
approach of determining optimum frequency as the optimal wave list of an output modulation, by 
detecting whether frequency is the highest with which phase of an output modulated wave form. 
[0008] 

By measuring the luminescence reinforcement of the plasma or plume generated from a laser radiation 
location, invention of this application as above is a short time easily, and makes it possible to perform 
optimization of the modulated wave form of a laser output, and a frequency. 
[0009] 

This is realized based on the result of examination by the artificer of this following application. 
[0010] 

Namely, the artificer of this application observed the dynamic behavior of a keyhole by the high-speed 
photography of radiolucent finding at the time of laser welding, in order to clarify the molding machine 
style of porosity. According to it, even if it welds under output regularity, a keyhole is sharply changed 
at random in the depth direction and the direction of a path. When it is greatly related to the oscillation 
of such a keyhole and the keyhole depth falls rapidly, a keyhole head dissociates according to an 
instability phenomenon, air bubbles are formed, and generating of porosity serves as porosity, when this 
remains. Moreover, in case rapid lowering of the keyhole depth takes place, the oscillation of the 
direction of a path of a keyhole is large, namely, if turbulence of a keyhole is large, it will become easy 
to generate porosity. For this reason, if turbulence of the direction of a path of a keyhole is detectable, 
the conditions which do not cause turbulence at the time of loss of power can be found easily, and 
optimization of the conditions which prevent porosity effectively can be performed easily. 
[0011] 

When drawing 2 is detected by the photosensor (2) which installed luminescence of the plasma or plume 
(1) generated in the laser- welding section around the weld zone although the method of determining the 
optimum conditions in invention of this application was illustrated and this is recorded on a recording 
device (3) synchronizing with change of a laser output, the lightwave signal detected by the sensor is 
shown like drawing 3 . And in a lightwave signal, as * showed all over drawing, the phenomenon in 
which luminescence stops for a while can see here and there, since the interaction of laser and molten 
metal is lost inside a keyhole immediately after the molten metal of a large quantity spouts this from the 
interior of a keyhole - evaporation — short-time blocking ****-- things are shown and the blowout of 
big molten metal by this can be detected. Moreover, immediately after the blowout of such big molten 
metal takes place, the oscillation to the direction of a path of a keyhole becomes large. That is, 
turbulence of a keyhole becomes large. 
[0012] 

For this reason, in laser welding which gave the output modulation, if a wave and a frequency are 
chosen so that the phenomenon in which luminescence of the plasma and plume which were shown by * 
stops may not happen to drawing 3 when an output declines and the keyhole depth falls, the optimum 
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conditions which prevent porosity can be determined. Then, as shown in drawing 3 , the stage when the 
blowout stage of molten metal, i.e., the turbulence of a keyhole, happens is detected by giving the 
threshold of arbitration to a lightwave signal and detecting the field where signal strength is smaller than 
this. When the relation of the frequency where the phase and flashing caution signal of an output 
modulation become below a threshold is investigated and an output declines under various output 
modulation conditions, a frequency can be optimized in a modulated wave form list by choosing the 
conditions from which frequency serves as min. 
[0013] 

Such a decision approach of optimum frequency can be further made into accuracy by noise cut 
processing of a flashing caution signal, the operation of a signal, etc. For example, the phenomenon in 
which luminescence stops in accuracy more is detectable by intercepting the high frequency component 
of a flashing caution signal. Moreover, accuracy can be asked more for optimum frequency by the 
condition that the plasma or the luminescence reinforcement of a plume becomes below a threshold 
choosing only what is maintained beyond the setup time of arbitration, and detecting the time amount or 
frequency. Thus, since it is also possible to detect by ultrashort time amount on that spot at the time of 
laser welding, invention of this application can also be used as feedback control. 
[0014] 

[Embodiment of the Invention] 

Although invention of this application has the description as above, it explains the gestalt of that 

operation below. 

[0015] 

Although it is necessary to detect the plasma for determining the optimum conditions for laser welding 
in invention of this application rather than anything, or the luminescence reinforcement of a plume as a 
signal, as a policy for it, the configuration of the detection equipment of drawing 2 is employable as 
aforementioned, for example. The sign in drawing has illustrated the plasma or a plume (1), a 
photodiode (2), the recorder (3), the laser beam (4), the parabolic mirror (5), and a weldment-ed (6) and 
a work table (7). And laser beam welding equipment is used apart from this equipment. 
[0016] 

And in invention of this application, the optimal wave for output fluctuation of laser beam welding 
equipment and optimum frequency will be determined based on the detection signal of detection 
equipment in this case. In addition, in invention of this application, the threshold about luminescence 
reinforcement can make it a rule of thumb whether to include the condition that it can judge with 
generally luminescence having stopped for a while although it could be arbitrary corresponding to the 
situation of welding. 
[0017] 

Then, an example is shown below, this is met and the gestalt of operation is explained in detail. Of 

course, invention is not limited by the following examples. 

[0018] 

[Example] 

The PIDO-on plate performed output modulation partial-joint-penetration welding using common steel- 
for-welded-structure SM490A. Drawing 2 is the block diagram of the detection equipment of the optical 
reinforcement used on that occasion. The plasma or the luminescence reinforcement of a plume (1) was 
measured with the sampling frequency of 50kHz using Si photodiode (2) of the sensibility wavelength 
range of 190-1 lOOnm, and (Si-PD). Si-PD was installed in the horizontal direction of the same level as a 
weldment-ed (5). The laser beam (4) was converged on the front face of a weldment-ed (6) with the 
parabolic mirror (5) with a focal distance of 500mm. The laser output applied the pulse modulation by 
the chopping sea with 20k W [ of peaking capacity ], and a base output of 8kW as drawing 4 , and 
changed the rise time tu and the fall time td of an output. 
[0019] 

The incidence rate of the porosity in various build up time was shown in drawing 4 . The porosity 
incidence rate asked for the ratio of the gross area of porosity, and the melting cross section from the 
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radioparency photograph of the weld zone' longitudinal section, and expressed this as the percentage. 
From this drawing 4 , by wave control-output modulation welding, although it turned out that generating 
of porosity is remarkably controlled compared with the usual laser welding, it was checked that that 
prevention effectiveness is the largest in 40ms of 10ms falling time amount of build up time. 
[0020] 

Above-mentioned drawing 3 shows an example of the plasma flashing caution signal acquired at this 
time. As * showed all over drawing, the phenomenon in which luminescence stops for a while can see 
the luminescence reinforcement of the plasma here and there, if this shows the condition that there is no 
interaction of laser and molten metal after [ said ] the molten metal of a large quantity spouts, as carried 
out and this happens at the time of reduction of the keyhole depth - generating of a defect — a lifting - 
being easy . 
[0021] 

Drawin g 5 shows time amount change and the plasma signal of the keyhole depth when welding in 
td=10ms which is not td=40ms and optimum conditions which have prevented the defect most 
effectively. According to the optimum conditions shown in drawing 5 (a), on the conditions which the 
defect shown in drawing 5 (b) generates to luminescence of the plasma always being seen in a part the 
second half in which the event of the keyhole depth decreasing, i.e., a laser output, decreases, when the 
keyhole depth decreases, the condition that the flashing caution signal of the plasma is set to about 0 at 
the time of output reduction continues. Therefore, becoming empty can judge the defective prevention 
effectiveness by whether there is much frequency where the flashing caution signal of the plasma is set 
to about 0 in the second half part of the time amount to which the event of depth of fusion falling, i.e., a 
laser output, decreases, or there not to be. 
[0022] 

Then, in order to erase the noise of the flashing caution signal of the plasma, after passing a 5kHz low 
pass filter, the threshold of 0.3V was set up, and the frequency which the condition that a plasma signal 
becomes small from this maintains 2ms or more was investigated for every Gentlemen phase. The result 
is shown in drawing 6 . Drawing 6 (a) is a result in the optimum conditions which the defect has 
prevented most effectively, and its frequency where a flashing caution signal becomes below a threshold 
in the second half part of an output reduction period is small. The frequency which becomes below a 
threshold in the second half part of output reduction by high wave drawing 6 (b) of a defective incidence 
rate on the other hand is high as compared with the above (a). Therefore, the optimal wave which 
prevents a weld flaw can be determined by investigating the frequency where plasma luminescence in 
the second half part of output reduction becomes below a threshold. 
[0023] 

Although it has illustrated that it is optimal to be referred to as rise-time tu=10ms of an output and fall- 
time td=40ms as pulse modulation by the chopping sea in the above example, that optimization and 
optimum frequency can be determined as various waves, without being restricted to this example. 
[0024] 

[Effect of the Invention] 

In the weld flaw preventing method generated at the time of ******** j aser we lding which the artificer 
has already proposed, the optimal output modulated wave form and frequency suitable for prevention 
can be determined easily, and it comes to be able to perform high quality welding of a thick plate simple 
by invention of this application as explained in detail above. High quality laser welding of the thick 
plate difficult thereby conventionally becomes possible, and laser-welding Field of application is 
expanded. 
[0025] 

It can be decided by the frequency now by ultrashort time amount simple that it will be an output 
modulated wave form list for it being defect-free in high efficiency, and welding a thick plate to it, and 
the cost reduction in a production line can be expected. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown an example of a wave control pulse modulated wave form. 
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[Drawing 2] It is drawing which illustrated the configuration of the plasma or the detection equipment of 
the flashing caution signal of a plume. 

[Drawing 3] It is drawing having shown the example of measurement of plasma luminescence 
reinforcement. 

[Drawing 4] In the output modulation which carried out wave control, it is drawing which illustrated the 
rise time of a laser output, and the relation of a defective incidence rate. 

[Drawing 5] It is drawing which illustrated the result of having measured a time change of the keyhole 
depth and plasma luminescence reinforcement under the wave which is not [ optimal being a wave and ] 
suitable. 

[Drawing 6] They are the probability (frequency) for the luminescence reinforcement of the plasma to 
become below a threshold (0.3V), and drawing which illustrated the relation of the phase of pulse 
modulation. 

[Description of Notations] 
tu Rise time 
td Fall time 

1 Plasma or Plume 

2 Photodiode 

3 Recorder 

4 Laser Beam 

5 Parabolic Mirror 

6 Weldment-ed 

7 Work Table 



[Translation done.] 
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*lfiC*ll7tt. fg*aSlCo I) 7 9 0 ? llfll*. »«9ttfiC«IU7fii?»i7J: 

5?n?c^ ?= z . 

[00173 

t C 7 , aTCXHffltSU. CtlCt-a7*«<?>#fttfeo tt5^J!lT 
<?>flJCJ:o7?gBE#PR3:7t1.ZCVtt«ll. 

[00183 

[£Jtj0J3 

-a&3884&ftffl1H S M49 0 A* BUT, e-[ ! tf>7-U-l*C,fcyflia*Sl&»»i&* 
JS«tff-3fe. 121 2 B t <5l IC^ffl 0 fcft&g ©MET 5> Z . 7- 7 7* ? * te 

tt 7- K - (1) ©fg*^St^SiSSKil1 ? 0 ~ 1 1 0 0nm98 i 7 » h^N- 
H (2) (8t-PD)tffio7t>? l J>7^iSS50kHE?ltIl^. 3i-PD 
ft. tt £ ft (5) VRI-U'X^OJkTSacfitOfe. (4) ft . 

15 0 Omm©SH»I« (5) (6) <D*lilCiR*0fc. 1/ - JU t> I* , 

H 4 © V * 'J C . C-7W7J20kW. ^-XiB*8kW<?)Eft»C*7A^X*Mt» 
it. ffl*®Sl±yi»iat u 3iiJ;&f. HTy*IBt4t*ftrit*. 
[00173 

b4ck. #aiit±»y"tiaic»itZ7KDVT<<?>56s*tmufe. * □ v t < ft £ * 
t s«-¥t3I/tv o »»su«ffl**a»a?tt, ant© u ^jt 

^7tfOVT<©$£#l0<P{fc'J7tl7UZC*tffc>#Z#. t ® K it ») Si tt , St t _h 
* y 1 0msSl^T#ytflH40msc»U7*eXM)C}j#Jt«7tifc. 
[ 0 0 2 0 3 

l£iW©EI3f*::©V? = C#^tl;fc7-7 7"7f6tt^^©-#J7;Tv07llZ. 7- v X 7 <D ft K 
5fc K I* . 0 e PIC*7 5iO*.<fe?C. ?!?t#OI#>;<&llig*,Z8&#IStffi7Jl5it'4ft.Z. 

c ti i* . 85 ie o *.<*:? ic . £i©»tt£g#«wu;fc#ci/-r>:$i&£ii©ffl£ffffi# 
<sutt«t*u 7 3* y , ctitf*-*-JHi7©*'>*cfici>f»H©*atficu* 
t u . 
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[ 0 0 2 1 ] 

05IJ, teftHttCXBfrttjt?* fct * -4 0 m S t* = 1 0m 

st*fifft?tt, * - * - ;u s 7 # m '> r * & , tsfr-su-^aiTjtfM 

8P#-?#C7-777<Z>£*#li*:aZci>C*}b7> 0 5 ( & ) CStrfcBtf*£f3*# 
? tt . *-/K-^S7#M'>*?i$IC, *«fcVtta»'>*C7'7X7©**ttS#eff 

o>:£Ztta&##^t3. u £ # ^ 7 > »i&*s*#fiTt3*A, Tttfrtu-fiiia 

»fM / >t^^^<i)«¥8n«-?7-7 7 , 7c<)fS3t«^^IJl3 , 0V*3«S^#l)»t<ftl)» 
IC«fcVXBI»±fl>*#*y5&?? : 2. 
[ 0 0 2 2 1 

^ C -? . 7-^7:7 <» J ^7tiStfe«CB k < * - t & Ifl 

Ufe^lCO. SVQbhlttfttU. CtlJ;'i?7XTS^tf/n<5Itt8»ZmS 

jji±tffiKTZ#fit*fflfflc*iC6B^fc. *t<D«stH6icstr. bb ( a. ) i* . 5c B # 
lt^)3*«)lclte±-?? : *.li§^^ ^ Mc^^l)^iBS-fif) , ;. ffl**'>fflia©«¥»*?36** 

^WU9=llfll^TC«2«S^yJv7l). - H . XB££*®Hl)tt»BI6 ( i> ) ?tt. iH 
aX'>0tt¥ff#-?U * UfcJKTC* 7*Rtf ±iE (ol) * £8 U 7 S II . U £ o 7 . 
ffl*»^©*¥»«>C«it77'5X7*3t»fU* , l»fllJ!lTC«?tilRtffl'tZCVCJ:y 

. »»J5Bti»jti-3*«»»t a* tzc* 

[ 0 0 2 3 ] 

W±0flJlC#l)7t*EBi£CJ;2A^7£68*U7, aJZ?<?>n± l J^lt u =1 OrtlS, 

■J tl Z C V 55 < . **tt»WVU7. ^ <9 fi iHb , ill»Rt »tt ? C ^ tff f J . 
[ 0 0 2 4 ] 
[ % Bfl (p & £ ] 

£*U--*»»«*C*£*Z»tt*BI»jLa!CJSrl)7. BjtC«Ofe*«fll**SI«»fi 

7 ft I . 
[ 0 0 2 5 ] 

s*tBtt*c*XB?»at2^«<5ffl**aifipacfcH»»*ttflcjA-5tt5fflB»ia 

?J*3E?^7«fc>C«'K a*7^>cairit3DZ HftXtfJfflf*?**. 

[01 ] iis ^ tij m a * x $ in x r* o - m t si u * 0 7 j> z . 

[02] ?7XYH < tt^Jlf- ^ Rt0»JKtW»U 7 . 

[03] 7-77T7%*^S<i)!D£fi i JtSiUfe0-?if)Z. 

[04] a»w«ufeai**Mc»n7. u-*ina<!>tt±*yB-«i*XH*£»0B* 

tttt*fctB*UfcB»tfl*UfcB?ft*. 

[06] 7-7Z , 70fgat3tJI#U3 : l)'fI (0. 3 V) («fi) * , AW 

£aB<?>ffl*B<?>B«t0JmUfc07$>Z. 
[ 75 9 (!) ] 

t u a ± *j * n 

ti HT'J <B 

1 7 7 x" 7 e u < a 7- ;u - u 

2 7*l-*">f#-f ; 

3 lEUst 

4 !/ — IPC — L 

5 JX % ffl ft 
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(b) tu = 4flm» , U - lOmi. 
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